The objective of our study was to examine (1) whether isometric muscle strength contributes to the explanation of the physical functional disability of a rheumatoid arthritis (RA) patient population after accounting for other disease parameters and demographic variables and (2) whether change in isometric muscle strength is an indicator of change in physical functional disability. Sixty-five consecutive patients fulfilling the American Rheumatism Association 1987 revised criteria for RA were included in the study. Isometric muscle strength was measured with a validated Muscle Strength Index (MSI ) calculated as the mean score of standardized isometric extension and flexion strength of the knee and elbow joints. Physical functional disability was measured with the physical dimension of the Health Assessment Questionnaire (HAQ). For 56 patients, we could obtain 1 yr follow-up data. Cross-sectionally, there was a significant correlation (r = −0.51, P < 0.01) between the MSI and the HAQ. Muscle strength remained a significant determinant of the HAQ in multivariate analysis accounting for disease and demographic variables. Longitudinally, change in MSI explained additional variance of change in HAQ after accounting for change in pain, the most important correlate of change in HAQ.
I understanding and reliable measurement of tion after accounting for other disease parameters and demographic variables and (2) whether change in the determinants of physical, mental and social health isometric muscle strength is an indicator of change are crucial for a rational choice of therapy and evaluin physical functional disability. ation of treatment effectiveness. The importance of muscle weakness to disability in patients with rheumat-METHODS oid arthritis (RA) has long been recognized [1] [2] [3] [4] and Patients controlled exercise to maintain or increase muscle Consecutive patients fulfilling the American strength is considered a cornerstone of comprehensive Rheumatism Association 1987 revised criteria for RA treatment in RA [5] [6] [7] . However, there are little quant- [14] , attending the out-patient clinic from October to itative data on the relationship of muscle weakness November 1992, were included in the study. After 1 yr, and physical functional disability [6, 8, 9] . patients were re-examined. About half of our clinic There are many methods for how best to assess patients are self-referred and about half are referred muscle strength [7] . Although there are undoubtedly by general practitioners or specialists in private pracmore sophisticated methods, we used simple isometric tice, and represent a wide spectrum with respect to testing with a pull-gauge which is reliable, simple and physical functional disability. The distribution of the relatively cheap, and which may thus prove helpful patients from our out-patient clinic by the new ACR not only in research, but in clinical practice as well functional class criteria [15, 16 ] and the median HAQ [10] . Physical functional disability in RA may be score is similar to the population of the validation measured with a variety of psychometrically sound study by the ACR subcommittee [15, 16 ] . health status instruments. We chose to use the Health Assessment Questionnaire (HAQ) [11] [12] [13] , a diseaseData collection procedures specific instrument which comprehensively addresses At a regularly scheduled out-patient visit, patients physical function in patients with RA, and which has were asked to complete the HAQ questionnaire [11, been widely used in clinical studies and clinical prac-13]. Afterwards, patients were evaluated clinically by tice [12] .
a physician who was unaware of the HAQ score; The objective of our study was to examine whether laboratory tests were performed and radiographs isometric muscle strength contributes to the explanataken. The clinical evaluation was performed by eight tion of self-reported physical functional disability as fellows in rheumatology with regular training and measured with the HAQ. experience in standardized data collection. A trained The specific aims were to examine (1) whether single observer, unaware of both the HAQ score and isometric muscle strength contributes to the explanaresults from the clinical evaluation, then performed tion of the physical disability of a RA patient populathe muscle strength measurements with a hand-held pull-gauge according to a standardized protocol [10] .
health status questionnaire [11, 13] . The HAQ asks Longitudinal analyses In univariate analyses using Pearson's correlation questions about function in dressing, arising, walking, hygiene, reaching, gripping and in other activities. The coefficient, we examined the association of change in the MSI with change in the HAQ, and the association questionnaire is self-administered and takes~5 min to complete [12] .
with changes in demographic and disease parameters.
In linear regression analysis, we examined the importPain was measured on a numerical rating scale (NRS ) ranging from 0 to 10 (with anchors: no pain;
ance of change in MSI as compared to change in other disease parameters associated with change in HAQ extreme pain) and morning stiffness was recorded in minutes.
and/or change in MSI in univariate analysis. Because the HAQ is an ordinal rather than an Isometric muscle strength of flexion and extension of elbow and knee joints of both sides was recorded interval scale, linear regression analysis of change scores may not be appropriate [19, 20] . We therefore with a hand-held pull-gauge which has been shown to be a reproducible method (interobserver and intraalso performed a logistic regression analysis using the direction of change in HAQ score (improved or observer reliability 0.94) [10] . For each measurement, the patient was positioned in such a way as to exclude unchanged HAQ score vs worsened HAQ score) as the dependent and change (either absolute change or the effect of gravity. A non-elastic band was connected to a pull-gauge with a continuous scale (range 0-50 dichotomous) in MSI and disease parameters as independent variables. kp; Model DPPH, Chatillon Inc., Greensboro, NC, USA). The observer kept the pull-gauge in a stable RESULTS position against a bar, the examination table, or his body. The patient was instructed to increase muscle Subjects Sixty-five patients were included in the study, for 56 strength gradually to his/her limit. An overall Muscle Strength Index (MSI ) was then calculated as the mean patients we could obtain 1 yr follow-up data. All patients were Caucasian. Demographic and clinical of the individual standardized scores [(strength observed/maximum sample strength) × 100] [10] .
characteristics at baseline of the 65 patients with RA are shown in Tables I and II . Disease-specific clinical findings recorded were swollen joint count and tender joint count. Laboratory
The mean HAQ score was 1.1 (0.8) which is comparable to values of other reported studies of patients assessment included erythrocyte sedimentation rate ( ESR; Westergren), C-reactive protein (CRP), haemowith RA [11, 15] . The mean swollen joint count was 7.3 (7.2), whereas the mean Ritchie articular count globin (HB), rheumatoid factor (Singer-Plotz titre) and creatine kinase (N-acetyl-cysteine, 37°C; upper normal values are 150 U/l for women and 270 U/l for In linear regression analysis, we examined the importPositive 51.6
ance of muscle strength as compared to other disease DMARD (n = 59) parameters associated with physical functional disabil- HAQ. Demographic variables included in the model Salazopyrin 9 were age, gender and body height. Disease-specific was 24.8 (22.0) . The mean ESR was 23.1 (19.4) . The independent variable was 0.024. With inclusion of disease activity, morning stiffness and Larsen radiomean Disease Activity Score was 3.7 (1.7), which is slightly higher than the 3.3 (1.2) observed in the RA logical score in the model, the parameter estimate changed in clinically meaningful steps to 0.012. About population of a Dutch clinic from which the Disease Activity Score was derived [18] . The creatine kinase half of the variation in HAQ due to variation in muscle strength may thus be attributed to these disease of all patients was within normal limits.
variables. Based on the parameter estimates of our model, the
Cross-sectional analyses
The univariate relationship between the HAQ and predicted difference in the HAQ score between a patient having 90% of observed MSI vs a patient with the MSI, and the association with demographic and disease parameters, are shown in Table II . Age, gender 10% is 0.96 HAQ points, which is considered a large difference [21] . The smallest clinically important and body height and haemoglobin, cortisone use and/or cortisone dosage were not significant correlates difference in HAQ scores may be defined as 0.17 HAQ points [21] . Hence, HAQ scores needed to differ by of the HAQ either in univariate or in multivariate analyses. Instead, the MSI, pain, morning stiffness, the 0.17 units for patients on average to stop rating themselves as the same and start rating themselves as Larsen score [17] and the components of the Disease Activity Score-swollen and tender joint count and somewhat better than other patients in one-on-one conversations. This difference corresponds to a differ-ESR-were significant univariate correlates of the HAQ.
ence in muscle strength of 14 percentage units. For example, a patient with a mean population strength of In the multivariate analysis of the determinants of the HAQ, the Disease Activity Score and the MSI 41% and a patient with a strength of 54% would differ meaningfully in their physical functional disability were significant at P < 0.01, and explained 31 and 12% of the variance of the HAQ in a forward stepwise based on this model. This is after controlling for all other potentially confounding variables in the model selection process. Morning stiffness explained an additional 10%. Pain, Larsen radiological score [17] , diswhose values are assumed to be equal for the purpose of this comparison. ease duration, haemoglobin, age, gender and height did not explain significant additional variance. The model explained 61% of the total variance in HAQ Longitudinal analyses Longitudinally, the univariate relationships between scores ( Table III ) .
The regression coefficient of a simple regression with change in HAQ, change in MSI and change in disease parameters are shown in Table IV . HAQ as dependent variable and muscle strength as In the linear regression model with change in HAQ and psychological capacities into patient-relevant improvement in health status often involves complex score as dependent variable, change in MSI as independent variable, and change in haemoglobin, morning behavioural changes, experimentation and training, which may take considerable time. When monitoring stiffness and pain as covariates, pain was a significant covariate (P < 0.05), whereas change in MSI did not in-patient rehabilitation, health status measures which ask about patients' perception of disability at home reach statistical significance (P = 0.08). However, in logistic regression analysis with change in HAQ as are not useful. Under these circumstances, simple-tomeasure and reliable clinical indicators of change in dichotomous dependent variable, change in MSI (either in terms of absolute change or as dichotomous variself-perceived disability may be of considerable value. Based on the results of our study, isometric muscle able) remained significant after accounting for pain (P < 0.05), haemoglobin and morning stiffness (which strength, as measured with the MSI [10] , may serve as an indicator of change in self-perceived physical funcwere not significant). In dichotomous analysis, the odds ratio for pain was 7.4 (CI 2.0; 29.1) and 5.3 (CI tional disability. Isometric muscle strength may also be useful for a more refined documentation and strati-1.5; 19.8) for the MSI. In other words, patients who after 1 yr had worse isometric muscle strength as fication of patient subgroups for clinical, health services and epidemiological studies. measured with the MSI were 5.6 times more likely to report worse physical functional status compared to While we found a relationship between muscle strength and physical functional disability both in patients with unchanged or improved MSI.
The parameter estimate of the linear model was cross-sectional and longitudinal analyses, and being aware of the exercise study in which grip strength was −0.009, which is slightly smaller than in the crosssectional analysis (0.012). Based on this estimate, the associated with a Dutch version of the HAQ at baseline [22] , improvement in isokinetic knee extensor and smallest clinically important difference in HAQ scores (which has been defined as 0.17 HAQ points [21] ) flexor strength did not translate into improvement of the Dutch HAQ in the exercise study [23] . Possible corresponds to a difference in muscle strength of 19 percentage units, which is slightly higher than the reasons are the relative insensitivity of the HAQ to change [22] , particularly in patients with mild disabling estimate from cross-sectional analysis (14 percentage units).
disease [24] . Since in our study about half of our patients had worse HAQ scores, while the other half DISCUSSION had unchanged or improved HAQ scores, the ceiling effect may have played a lesser role. Also, it seems less Because of the financial constraints of our health care systems, and growing awareness and commitment likely that improved strength translates into physical functional gains than for a loss of strength to translate of the medical society to continuous quality improvement, documentation of treatment effectiveness either into worsening physical function. It was also argued that the benefit of exercise will be shown only in the for health care programmes or individual patients is becoming increasingly important. Patient-derived long term, e.g. over a period of a year, as in our study.
To examine change in strength in relation to physical measures of outcome, such as physical, mental and psychological disability, may be considered gold standfunctional ability during a flare situation could elucidate the importance of time and/or worsening of the ards for the evaluation of treatment effectiveness in RA [11] . From a practical viewpoint, it is, however, condition as opposed to improvement. Whereas isometric muscle strength as measured with insufficient to rely solely on patient outcomes. Patient outcomes usually have many causes and only with the MSI is an indicator of physical functional disability, we can only hypothesize about the mechanism which clinical measures may one identify potentially treatable mechanisms and estimate their importance to patient leads to muscle weakness and/or physical functional disability. Cross-sectionally, disease activity seems to outcomes. When monitoring treatment effectiveness in individual patients, change may first occur in clinical play an important role. In other words, patients differ from each other in their muscle strength and physical parameters, whereas translation of improved physical functional disability according to disease activity. R Possible mechanisms include reflex inhibition due to 1. Tiselius P. Studies on joint temperature, joint stiffness synovitis [25] . In our population, steroid use, which and muscle weakness in rheumatoid arthritis: an experimay be the most important cause of metabolic myomental and clinical investigation. Acta Rheumatol Scand 1969; suppl. 14:70-98. pathy in RA [26] [27] [28] , was not significantly related to
